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The development of the supravital technique for the study of living 
cells has provided a  new and interesting method for the cytological 
study of various animal tissues.  This paper concerns the application 
of such methods to the blood and bone marrow cells of the domestic 
fowl.  White  Leghorn,  Plymouth  Rock  and  Black  Jersey  Giant 
roosters have been used in these experiments. 
Direct Method of Counting 
The problem of securing an accurate count of the white blood cells 
of the fowl has presented three difficulties.  The avian red blood cells 
are nucleated, hence any method using the usual diluting fluids con- 
taining acetic acid will not permit discrimination between the re¢t blood 
cell nuclei and  the white blood  cells.  The  second obstacle  to  an 
accurate count is the character of the thrombocytes.  These structural 
elements in the fowl are about the size of lymphocytes and some of them 
may be confused either with red blood cells in which there is little 
hemoglobin, or with lymphocytes.  The third factor is the rapidity 
with which coagulation occurs in the blood of the fowl. 
Blain  (1) has recently introduced a direct method for making total white blood 
cell  counts on avian blood.  He used two diluting fluids;  Solution  1 contained 
neutral red 1:5000 made up in Locke's solution and adjusted to a pH of 7.4.  The 
blood was first diluted with this solution at a temperature of 39°C.,  until the red 
cell pipette was one-half full.  The mixture was shaken for 15 seconds, at the end 
of which time  the pipette  was filled  with  Solution  2,  consisting of 12 per cent 
formalin in Locke's solution at pH 7.4.  Shaking was then resumed for from 2 to 3 
minutes.  In this way he stated that  every  white  cell  had  taken  up  sufficient 
neutral red to make possible its identification from the red blood cells.  T,  he latter 
took up no neutral red. 
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Prior to Blain's work the only method of estimating the number of 
white blood cells of avian blood was by indirect calculation, in which 
the total number of red and white corpuscles was determined in the 
counting chamber.  Then, in films, the ratio between the number of 
red  and  white  blood  corpuscles  was  determined.  From  the  total 
number of blood cells and from this ratio  the number of white blood 
corpuscles  per  cubic  millimeter  may  be  calculated.  This  indirect 
method is subject to great error chiefly for two reasons.  It presup- 
poses an  absolutely even distribution  of red  and  white  blood cells, 
which actually rarely obtains.  The  second source of error is in the 
thrombocytes.  The size and character of these elements make their 
separation  from  lymphocytes in  the  counting  chamber  exceedingly 
difficult or impossible. 
Blain (2) stated in a further communication that he identified no structures  in 
avian  blood  corresponding to  the  platelets  of  mammals.  It  would  appear, 
then, that the structures  which other investigators, among them Ellermann  (3), 
Albertoni and Mazzoni (4), Sugiyama (5), and which we ourselves consider to be 
thrombocytes have been included either in the red blood cell counts or in  the 
white blood cell counts of Blain. 
The  method  employed for  the  counting  of  the  white  blood  cells 
in the studies reported in this paper has also made use of the vital stain- 
ing properties of neutral red.  A single diluting fluid has been devised, 
consisting of 25 mgm. of neutral red in 100 cc. of 0.9 per cent sodium 
chloride solution.  This solution is filtered once and is kept at room tem- 
perature.  It is preferable, but not essential to have the fluid warmed 
to body temperature at the time of use.  The ordinary red blood cell 
pipette is used.  The blood from a puncture of the wing vein or of the 
comb is drawn to the 0.5 mark  and immediately diluted  to  the  10I 
mark,  giving  a  dilution of 1:200.  The pipette is shaken for 4 or 5 
minutes as in ordinary blood cell counts.  The  counting chamber is 
filled in the usual  manner.  We have  found it quite unnecessary  to 
have  the  fluid  at  a  definite pH  or to  introduce  other  complicated 
procedures. 
It has been found that with this diluting fluid the polymorphonu- 
clear elements and the monocytes stain in a characteristic manner,  so 
that they can be recognized in the counting chamber, with an 8 ram. 
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not appreciably stained with the dye.  The polymorphonuclear cells 
are characteristic in that the cytoplasmic border stains heavily and 
gives the appearance of a very dark, heavy rim to these cells.  The 
monocytes take the dye more diffusely and do not have the deeply 
stained border.  The lymphocytes and thrombocytes can be seen in 
the chamber but remain almost entirely unstained.  Those red blood 
cells which have a small amount of, or no hemoglobin likewise fail to 
stain.  The last three elements, lymphocytes, thrombocytes, and red 
blood cells without appreciable hemoglobin cannot be distinguished 
with any degree of accuracy in the counting  chamber.  The white 
blood cell count is made in the following manner: The total number of 
polymorphonuclear cells and monocytes is counted in the whole area 
of the ruled portion of the chamber (0.9 cu. mm.).  This value taken 
together with the percentage of these combined elements obtained from 
the differential count permits a calculation of the total leucocyte count, 
exclusive of thrombocytes.  An example will clarify this explanation. 
Total  number of polymorphbnuclear cells  and monocytes in 0.9 cu. 
nun  ........................................................  7200  cells 
Total number of polymorphonuclear  cells and monocytes in 1 cu. nun..  8000 cells 
Differential leucocyte count 
Polymorphonuelear eosinophiles ..........................  50 per cent 
"  neutrophiles  ..........................  4 
"  basophiles  ............................  2 
Monocytes  .............................................  10 
Total polymorphonuclear cells and monocytes  ............  66 per cent 
Small lymphocytes  ......................................  30 
Large  "  4 
100 per cent 
Therefore,  66% of total count  =  8000 cells 
8000 
100~o  "  "  "  --  X  100 =  12,121+  white blood cells per cu. ram. 
66 
By this method the difficulties of confusing the thrombocytes with 
the white blood cell count or with the erythrocyte count are overcome. 
There is also the advantage that the red blood cells may be counted in 
the same chamber as the leucocytes.  This is practicable in the chicken 
because of the relatively low erythrocyte and relatively high leucocyte 
counts. 
It should be stated here that the above method has been employed 
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sistent  results.  The  accuracy  has  also  been tested  by  using  the 
method  on  human  blood,  where  entirely  consistent  results  were 
obtained.  The method was tried on a case of human lymphatic leu- 
kemia with a  count of 60,000 cells.  None of  the lymphocytes con- 
tained any significant amount of dye, whereas the polymorphonuclear 
leucocytes and monocytes stained as they do in chickens' blood.  It is 
pointed out that the method is readily adaptable for the counting of 
human blood, in which there are many normoblasts.  I recall a case of 
sickle cell anemia in which there were 40,000 to  70,000 normoblasts 
per cubic millimeter of blood.  The usual acetic acid diluting fluid 
does not distinguish these ceils from leucocytes and thus a false leuco- 
cyte count was obtained.  Likewise the normoblastic showers occur- 
ring in pernicious anemia are apt to lead to an erroneous white blood 
cell count unless a method of the type here outlined is resorted to. 
Supravital Studies 
Because of the diversity of opinion concerning the character of the 
cells in the blood of the domestic fowl, it seems necessary to give in 
some detail descriptions and illustrations of the types of cells encoun- 
tered.  It should be pointed out at this time that the following descrip- 
tions of ceils apply only to the domestic fowl.  Other kinds of birds, as 
pigeons, doves, etc., show a somewhat different picture. 
Detailed observations on the blood and bone marrow cells of the 
chicken have been made by the use of the supravital technique and 
are reported in this communication.  This is now a generally accepted 
method of great value to the cytologist for the study of living cells. 
It yields information concerning the motility, phagocytic power, mito- 
chondrial content, fragility, and life history of the cells, which cannot 
be obtained by studying fixed smears or sections.  The method has 
been used for many years by isolated investigators and has been more 
recently advocated and described by  Simpson (6),  Sabin  (7),  and 
others.  For detailed descriptions of the technique, their papers should 
be consulted.  In these studies neutral red and Janus green have been 
used as in the method given by Sabin (7). 
Descriptions of Blood Calls 
Red Blood Corpuscles (Fig.  11).--These cells in the chicken are all 
nucleated.  They are oval in shape and considerably larger than the CLAUDE E. FORKNER  125 
red blood cells of man.  The nucleus is usually slightly irregular and 
roughly oval in shape, and is smaller than that of a small lymphocyte. 
It is about the same size, or somewhat smaller than that of a thrombo- 
cyte.  The nuclei of the normal red corpuscles are distinct from those 
of any other calls in that most of them are clear and show very little 
nuclear structure.  Occasionally one finds a  nucleus of a  red blood 
corpuscle which is  somewhat shrunken, more round than usual, and 
which has amore distinct, reticular structure.  Around the nuclei of red 
blood corpuscles one almost invariably finds a few bluish-green, rod- 
shaped mitochondria which stain specifically with Janus green.  The 
cytoplasm also contains from none to  several small, reddish-brown 
bodies which are usually near the nucleus, but they often move about 
and may be far out near the cell border.  In the supravital film, cells 
are sometimes found which obviously belong to the erythrocyte series, 
but in which there is no hemoglobin or a  harely perceptible amount 
(Fig. 8).  These cells have been confused with thrombocytes (Figs. 
7, 9).  However, careful scrutiny will always reveal an intact cellular 
membrane.  The cytoplasm is much more abundant than that of the 
thrombocyte and the nucleus is distinct.  These we have called degen- 
erating forms of red blood cells.  Clinging to their nudei one can often 
see refractive vacuoles which are rarely stained and which are different 
from the stained vacuoles one sees in thrombocytes. 
Thrombocy~s (Figs. 7, 9).--These cells in the fowl are nucleated and 
are about the size of small or intermediate lymphocytes.  They are 
distinctly smaller than erythrocytes.  Their configuration is usually 
irregular in contrast to the round lymphoid cells and the oval red blood 
cells.  The nuclei are distinguished by a very pronounced splotching 
which is so marked that it often appears vaculated.  This is in contrast 
to the dear, almost structureless nuclei of the erythrocytes, and to the 
softer, more cloudy appearance of the nuclei of the lymphocytes.  The 
cytoplasm of thrombocytes is often quite clear at first (Fig. 9), but 
after a few minutes' exposure to neutral red and Janus green, vacuoles 
(one or a  few)  develop at one or both ends of  the nuclei (Fig.  7). 
These vacuoles stain a muddy brown color, are non-refractive, and in- 
crease in size with longer exposure to the dye.  Sometimes a few very 
delicate, barely perceptible mitochondria appear in  the perinuclear 
area.  These bodies are  much less  constantly found and are not as 
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Thrombocytes occur characteristically  in  clumps of two, three, or 
many cells, but are also found singly.  In this respect they behave as 
do the blood platelets of mammals. 
Yolymorphonuclear Eosinophiles (Fig. 1).--These cells are numerous 
in the blood stream and, as has been shown by Moore (8) and others, 
are  the  elements which  are  specifically  increased  in  fowl  typhoid. 
They have  a  lobulated  nucleus with a reticular  chromatin network. 
The cytoplasm is filled with rod-shaped, specific granules which stain 
red with eosin in fixed preparations  and stain a  golden-yellow with 
neutral red in supravital films.  These rods are not very uniform in 
size and shape.  Some of them are short and almost round; others are 
sometimes club-shaped.  The majority of them, however, are uniform 
in their size and staining reactions.  After a few minutes' exposure to 
the dye, one or more vacuoles may appear in the cytoplasm.  These 
vacuoles stain a  reddish-orange color and increase in size with longer 
exposure to the dye.  Mitochondria are rarely seen.  When present, 
they  are  delicate  filaments or  dots  staining  specifically with Janus 
green.  The  polymorphonuclear  eosinophiles  are  actively  motile 
cells.  They  are  probably  comparable,  in  their  function,  to  the 
polymorphonuclear neutrophiles of human blood. 
Polymorphonuclear Cells with Pseudo-eosinophilic Granules (Fig. 2) .- 
These elements have been commonly referred to in the literature  as 
true eosinophiles, as eosinophiles with round granules, and as neutro- 
philes.  They differ from the eosinophilic cells with rods not only in 
the  shape of the granules, but also in their chemical reaction to the 
dye.  The granules are really pseudo-eosinophilic.  They take  very 
little of the color in neutral red preparations.  The granules are uni- 
form in size and color and are quite small.  They rarely fill the cyto- 
plasmic area.  The granules are very similar to the granules of ampho- 
philes or  neutrophiles  of  rabbits.  The nucleus is usually bilobed. 
Mitochondria are commonly present among the specific granules.  The 
cells are rarely as actively motile as the cells with eosinophilic rods. 
Basophiles (Fig. 4).--The cells with specific basophilic granules are 
about the same size as those with eosinophilic rods.  The nucleus is 
usually  a  single,  irregular  or  round  mass,  but  may  be  lobulated. 
The nucleus shows a  diffuse chromatin distribution.  The cytoplasm 
is filled with red specific granules.  The cells are only slightly motile. CLAUDE  E. ~0RKNER  127 
Monocytes (Fig.  5).--These are conspicuous cells in the chicken's 
blood.  They vary somewhat in size from that of the polymorphonu- 
dear cells to. slightly larger.  The nucleus is commonly indented or 
horseshoe-shaped but may be round or lobulated.  Mitochondria are 
abundant, small, and may be in the shape of filaments, rods, or dots. 
The cytoplasm possesses a hazy appearance in contrast to the clear, 
glassy cytoplasm of lymphocytes.  Neutral red bodies are prominent 
features and are often grouped together, forming a rosette in the bay of 
the  nucleus.  These  neutral  red  bodies  (segregation  apparatus) 
increase in size with longer exposure to the dye.  They stain a brick- 
red color and are almost all non-refractive.  These cells are motile and 
have the same type of motility as has been described by Sabin (7) for 
the monocytes  of human blood. 
Lymphocytes (Figs. 6, 10).--Small, intermediate, and large lympho- 
cytes are easily distinguished in fowl blood.  The small lymphocytes 
are much more numerous than the larger forms.  They are about the 
size of human small lymphocytes, but appear much smaller because 
of the larger red blood cells with which to compare them.  They are 
similar in all respects to the lymphocytes  of human blood.  The nucleus 
is round or slightly indented and is relatively large in proportion to the 
amount of cytoplasm.  The nuclear structure is made up of masses 
of chromatin which fade off gradually into the surrounding nuclear 
structure, giving a  soft,  cloud-like effect in contrast to  the nuclear 
structure of thrombocytes and  erythrocytes.  In  the  cytoplasm of 
lymphocytes  one finds large, coarse mitochondria as a constant feature. 
These Altmann bodies, which stain specifically with the Janus green, 
are  apt  to  be perinuclear in  their distribution  and  are  sometimes 
grouped on one side of the nucleus.  Many of the lymphocytes possess 
one or several small, red bodies in the cytoplasm.  These structures 
stain a dark red in contrast to the brick-red of the monocyte granules 
and the brown of the thrombocyte segregation bodies.  These neutral 
red bodies of the lymphocyte are round and are refractive, whereas 
the neutral red bodies of the monocytes and thrombocytes are non- 
refractive.  The lymphocytes are only slightly motile in very fresh 
preparations.  They move slowly with the nucleus near the front of 
the ceil. 
The accompanying table (Table I) gives the average total and per- 128  BLOOD  AND  BONE  MARROW  CELLS  OF  DOMESTIC  FOWL 
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centage values of each of the structural elements found in the blood of 
eleven domestic fowls.  The total number of counts reported is 29. 
The average red blood cell count was 3,267,000 cells per cubic milli- 
meter.  The highest and lowest counts were 3,760,000 and 2,300,000 
erythrocytes  per cubic millimeter  respectively.  The average thrombo- 
cyte value was 34,990 cells per cubic millimeter, with a variation from 
5,408 to 142,048 thrombocytes  per cubic millimeter.  Total leucocytes 
averaged 24,586 cells per cubic millimeter and varied between 6,760 
and 73,600 cells per cubic millimeter.  The hemoglobin (Newcomer 
method) varied from 46 per cent to 77 per cent.  The average was 
62.9 per cent. 
Eosinophiles with rods varied between 18 and 66 per cent in different 
animals and averaged 34.72 per cent.  Pseudo-eosinophiles  with small, 
round  granules were not  encountered in  ten  of  the  counts.  The 
highest percentage obtained was 11, and the average 1.76 per cent. 
Basophiles were found in all except one animal.  The highest percent- 
age value obtained was in Rooster 64, where they were 10 per cent. 
The average value was 4.21 per cent.  Monocytes were found to be 
high in the chicken, varying from 3 to 38 per cent and averaging 17.1 
per  cent.  Lymphocytes were  usually  more  numerous  than  any 
of the white blood cells except thrombocytes.  They also  showed a 
wide variation between 15 and 69 per cent.  The average value was 
41.79 per cent.  Myelocytes were rarely encountered and unclassified 
cells were few in number. 
The total  numbers per  cubic millimeter of each of the  types of 
leucocytes are given in Table I.  Their average values obtained were: 
~er cubi~ 
milllmetcr 
Eos~nophiles with rods ............................................  8,642 
Pseudo-eosinophiles ..........................................  ...  385 
Basophiles.  •  1,069 
Monocytes  ......................................................  4,444 
Lymphocytes  ...........................................  ~ ........  9,900 
Discussion of Blood Cells 
The literature records the observation of numerous investigators 
on the blood of the fowl.  Some of the more important of these studies 
have been summarized in Table II. CLAUDE  F..  I~ORKNER  131 
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It will be seen that Mack (14) records 55,272 leucocytes per cubic millimeter as 
the normal count, whereas Blain's (2)  and Burnett's (17) data show  18,000 cells 
per cubic millimeter as the average normal value.  Likewise the  thrombocytes 
have been variously recorded.  Most of the investigators have failed to enumerate 
them.  Klieneberger and Carl (15) state that they vary from 22,000 to 130,000 per 
cubic millimeter.  On the other hand, Blain  (2) has failed to find  any of these 
structures.  The percentages of the types of leucocytes have yielded markedly 
different  figures in the hands of different investigators.  Eosinophiles with rods 
are reported by Breusch (19) as constituting 17.7 per cent of the total leucocytes, 
whereas Blain (2) found 49.4 per cent of these ceils.  Klieneberger and Carl (15) 
identified  no monocytes or transitional cells in normal domestic fowls.  On the 
other hand, Schmeisser (18) states that there are 19.4 per cent of these elements in 
the blood. 
An analysis of the literature reveals four causes  for  most of  the 
discrepancies.  These  causes  are:  study  of  insufficient numbers of 
animals, failure to make a sufficient number of observations on single 
animals, lack of an adequate method of counting white blood cells, 
and confusion of thrombocytes with other dements of the blood.  It 
must also be borne in mind that there are large individual fluctuations 
of the leucocyte counts of fowls which are considerably greater than 
those.encountered  in mammals. 
Still another factor which has led to confusion in the interpretation 
of blood cells of the fowl is the method of classification of the granular 
leucocytes. 
Niegolewsky  (20), for example, described two types of oxyphil granular cells, 
one with large refractive granules and  another with fine oxyphil granules.  The 
former were numerous and the latter few in number.  In addition he found two 
types of basophiles and also neutrophilic leucocytes.  The  latter had round or 
polymorphous nuclei  and  fine granules.  Griinberg (2t)  described  two types of 
eosinophilic  leucocytes: (a)  cells  with  crystalloid  granules,  and  (b)  cells  with 
globular-like  granules.  These latter he stated were similar to the polymorphonu- 
clear cells of man.  Hirschfeld-Kaszmann (22) stated that three types of eosino- 
philic granular  cells  occurred:  (a)  cells  with  segmented nuclei  and  crystalloid 
granules,  (b)  cells with single nuclei  and pale rod-shaped granules,  and  (c)  cells 
similar to (b) but having round granules.  They found no  neutrophilic granular 
cells.  Burnett (17) did not call the polymorphonuclear cells with rod or spindle- 
shaped granules eosinophiles.  He believed that  these  cells  resembled in  their 
staining  reaction  and  biological properties the polymorphonuclear neutrophiles 
of mammals.  He found eosinophilic leucocytes with round granules which were 
shnilar to the eosinophiles of mammals.  Kasarinoff (23) described the same types CLAUDE E. I~0RKNER  133 
of eosinophiles as did  Griinberg (21).  Klieneberger and Carl (15) found two 
types of eosinophihs.  Those with rod-shaped  granules they ~lled pseudo-eosino- 
philes and those with small granules they labelled as eosinophiles with small 
granules. 
Descriptions of Bone Marrow Cells 
The method which has been applied in these studies to the bone 
marrow has been a modification of that employed for blood and is the 
same as that which has been used by Sabin and Doan (24) and others 
for the study  of bone marrow, lymph  nodes, andother tissuesof animals. 
Neutral red and Janus green films are prepared as for making supra- 
vital studies on blood, except that the concentrations of the dyes are 
increased  about  three  fold.  Small  pieces  of  representative  bone 
marrow  are  then  removed from  an  anesthetized  or  freshly  killed 
animal.  A  suspension is made on the prepared slide by mixing the 
small piece of marrow in a drop of normal saline, or better yet, with the 
animal's own serum.  This material is spread out on the slide over an 
area  the  size of the c0verslip.  The coverglass is  then allowed to 
fall  gently on  the  prepared marrow.  The  preparation  is  quickly 
rimmed with vaseline or melted paraffin and  can be  studied imme- 
diately in a constant temperature box at about 38 or 39°C.  Material 
prepared in this way gives a  fairly uniform distribution of the cells 
and a thin enough film so that the individual cells can be studied and 
counted.  The cells survive for hours if kept at body temperature. 
A complete review of the histology of the bone marrow has recently 
been written  by  Sabin  (25).  For  this reason it  is  unnecessary to 
review again the literature on this organ. 
The types of cells found in the bone marrow of the chicken are, 
in addition to the fully matured formed elements of the blood, imma- 
ture forms of all the leucocytes and red blood corpuscles.  The relative 
numbers of the various types of cells are recorded in Table III.  In 
this table the numerical values are given of the  cells found in  the 
bone marrowof four normal, Plymouth Rock roosters, about 8 months 
of age. 
The cells present in largest numbers in films of the bone marrow are 
mature red blood corpuscles.  They constitute an average of 53.8 per 
cent of all the cells present.  Mature polymorphonudear eosinophiles, 
on the other hand, constitute only 3.9 per cent of all the cells and 8.18 134  BLOOD  AND  BONE  MARROW  CELLS  OF  DOMESTIC  FOWL 
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per cent of  all  the  cells,  exclusive of  mature  red blood corpuscles. 
The accompanying table has been arranged to give the percentage 
value of each constituent element both in relation to the total of all 
the cells present and in relation to the number of cells,  exclusive of 
mature red blood corpuscles.  The reason for this is that most of the 
mature erythrocytes probably represent extravasations from traumatic 
hemorrhage and are not true parenchymal elements of the marrow. 
Myetocytes (Figs.  14,  15,  16).--In this paper the myelocytes have 
been grouped arbitrarily into A, B, and C  classes,  according to the 
plan  employed by  Sabin,  Austrian,  Cunningham,  and  Doan  (26). 
Myelocytes A are of the earliest type and represent the next stage of 
development after the myeloblast.  Myelocytes A include cells with 1 
to 10 specific granules in the cytoplasm.  Myelocytes B (Figs. 14, 15) 
have more specific granules than Myelocytes A, but do not possess 
their full quota.  Myelocytes C (Fig. 16) represent the next stage of 
development in which there is the full quota of specific granules in the 
cytoplasm, but the cells still retain their mononuclear characteristics. 
The myelocytes of the chicken's blood are not only distinguished 
by the number of their specific granules, but also by their character. 
The granules are almost always round or globular, whereas the fully 
mature cell possesses  elongated, rod-shaped granules.  Moreover, the 
younger the specific granules are the more intensely they stain with 
neutral red.  The mature granules of the adult polymorphonuclear 
cell and of the very late myelocytes stain a yellowish copper color with 
neutral red.  The earlier mye]ocyte granules (Fig. 15) are darker in 
color, staining a brownish red.  Mitochondria are readily seen in the 
early myelocytes.  They are scattered through the cytoplasm and are 
delicate rods or dots which stain specifically with Janus green.  With 
greater accumulation of specific  granules, the mitochondHa become 
less conspicuous and sometimes cannot be seen.  Myelocytes A are 
are few in number in normal bone marrow.  The average value was 
slightly less than 1 per cent of the cells, exclusive of mature erythro- 
cytes.  Myelocytes B composed 3.57 per cent.  These cells were pres- 
ent in about the same  relative proportions as Sabin and Doan (24) 
found them in normal rabbit bone marrow.  Myelocytes C were repre- 
sented by 21.02 per cent of the cells, distinctly less than their propor- 
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Pseudo-eosinophilic  myelocytes and  polymorphonuclear  pseudo- 
eosinophiles were only occasionally found in the bone marrow, where 
they constituted one-half  of  1  per  cent  of  the  cells.  They  were 
identical  with  the pseudo-eosinophitic cells of the blood. 
Basophiles.--These  cells were likewise rare  in  the bone marrow. 
They, too, were identical with the basophilic cells which were found in 
the blood and have been described in an earlier part of this paper.  In 
two of the animals no basophiles were seen in the marrow films.  The 
average value for basophiles in the bone marrow was less than 0.2 per 
cent.  Sabin and Doan  (24) found in rabbits that they constituted 
from 0.29 to 2.02 per cent of the bone marrow cells. 
Monocytes.--About 5 per cent of the parenchymal elements of the 
marrow are monocytes.  They are identified by the criteria previously 
given in the section on blood cells, and need no further description 
here.  It is not difficult to distinguish them from the early myelocytes 
because of the larger and more refractive granules of the latter. 
Lymphocytes.--Contrary to the findings in bone marrow of mam- 
mals, there is a  considerable number of small round cells (Fig. 3) in 
every film of bone marrow equivalent to about 25 per cent of the cells. 
They are probably small lymphocytes.  It  is often difficult in  the 
marrow  to  differentiate  these  elements  from  primitive  cells  and 
thrombocytes.  The characteristics which render the distinction easy 
in a thin film ot blood are often obscured by the crowding of the cells 
and lack oI perfectly uniform staining. 
Undifferentiated Cells (Fig. 13).--The early undifferentiated cells of 
the bone marrow I have chosen to group together under one heading 
for the reason that I have not been able to say in numerous instances 
whether given  cells  were  megaloblasts,  monoblasts,  lymphoblasts, 
mydoblasts, or primitive cells.  The problem of sub-classifying these 
"blast" cells in the marrow of the chicken is much more difficult than 
to recognize and classify them when they occur in the blood.  The 
reasons are obvious.  The staining is not as uniform, the cells are more 
crowded, and one cannot have as an aid the character of the other 
accompanying cells, which aid is often of great value in a study of blood 
films.  In the bone marrow, spleen, and lymph nodes of m~rnrnals it is 
usually not difficult to  segregate the cells into the various types of 
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chicken for such a  rigid sub-division of the undifferentiated marrow 
cells.  This group of blast cells represents about 10.5 per cent of the 
parenchymal elements.  They are about the size of myelocytes.  The 
nucleus may be central or peripheral and frequently contains a large 
nucleolus.  The cytoplasm usually contains no stainable material in 
supravital films. 
Erythroblasts (Fig.  12):--Immature red blood cells  are  separated 
from the mature red corpuscles by their larger and more conspicuous 
nuclei, by the presence of more neutral red bodies in the cytoplasm, 
and often by a decreased amount of hemoglobin.  The immature red 
corpuscles are frequently less oval and more round than  the adult 
forms.  The total  number of erythroblasts represents about 24 per 
cent of the celts, exclusive of mature red blood cells, and about 11 per 
cent of the total cells present. 
Clasmatocytes (Macrophages).--The  characteristic  by which these 
cells are recognized is dependent largely on their phagocytic proper- 
ties.  They  engulf  leucocytes,  red  corpuscles,  and  drbris.  The 
vacuoles of the living cells stain brilliantly with various shades of red, 
yellow, and brown.  These vacuoles increase in size with longer expo- 
sure to the dye, and are not arranged in any definite pattern.  The nu- 
cleus is usually round and placed near the center of the cell.  The 
shape of macrophages is often irregular.  They vary in size, but are 
commonly about  the  size  of monocytes or other large leucocytes. 
These cells constitute about 1 per cent of the marrow elements. 
Osteodasts (Fig.  17).--The  surveys of the bone marrows of four 
chickens reported in this communication  show osteoclasts to be present 
in  only one.  In  this animal  they represented 0.3  per cent of  the 
marrow cells.  The ends of the long bones often contain many spicules 
of bone, and in these regions osteodasts are more numerous than in the 
shafts.  They are very large, multinucleated cells.  The nuclei do not 
appear to have any definite pattern, but are of about equal size and 
scattered  through  the  cytoplasm.  The  cytoplasm  often  contains 
considerable numbers of vacuoles or granules which are quite homo- 
geneously  distributed throughout the cytoplasm and  may  tend  to 
obscure the nuclei.  These vacuoles stain brown with neutral red. 
Thrombocytes have not been observed in the marrow of the long CLAUDE  E. I~ORKNER  139 
bones  of these  chickens.  Their origin  is obscure  and work is  now 
in progress to determine more about the life history of these elements. 
SUMMARY  AND  CONCLUSIONS 
1.  A  simple,  direct method of counting leucocytes of  the fowl is 
described. 
2.  Twenty-nine  complete,  morphological  studies  of  the  blood  of 
eleven domestic fowls are recorded. 
3.  The characteristics of the cells found in the blood and bone mar- 
row are described in detail and their relative numbers reported. 
4.  The  supravital  technique,  using neutral  red  and  Janus  green, 
enables  one  to  separate  and  classify accurately  the  confusing cells 
of the blood and bone marrow. 
5.  These studies provide a basis for future experimental studies on 
the blood and bone marrow cells of the fowl. 
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EXPLANATION OF PLATE 6 
FIG.  1. Typical  polymorphonnclear eosinophile  with  rods  from  peripheral 
blood.  Stained with neutral red. 
Fro. 2. Pseudo-eosinophile from peripheral blood of domestic fowl.  This cell 
is slightly larger than the typical pseudo-eosinophile.  Stained with neutral red 
and Janus green. 
Fie.  3.  Small,  round cell  of bone marrow of the domestic fowl, probably a 
lymphocyte. 
FrG. 4.  Basophilic leucocyte of the peripheral blood.  Note that the granules 
vary somewhat in their affinity for neutral red. CLAUDE E.  :FORKNER  141 
FIO. 5.  Monocyte of the peripheral  blood.  Mitochondria  stained  with  Janus 
green  and segregatiOn bodies stained  with neutral  red.  Note the  tendency for 
grouping of neutral red bodies about the centrosphere,  a common, but not invari- 
able characteristic of these cells. 
FIG. 6. Large lymphocyte from peripheral  blood.  Stained  with  neutral  red 
and Janus green.  There were no neutral red bodies in this cell, a fairly common 
finding.  Mitochondria  are large. 
FIG.  7.  Two  thrombocytes grouped  together  in  the  peripheral  blood.  No 
mitochondria  were  seen in  these  cells, but  there  were  numerous  neutral  red 
vacuoles.  Stained with neutral red and Janus green. 
FIo.  8.  A  degenerating  red  blood  corpuscle  of peripheral  blood.  Note  the 
absence of hemoglobin, but the preservation  of the cellular  membrane.  A few 
refractive,  unstained  bodies  are near or on the nucleus.  These  cells have been 
confused with thrombocytes.  Compare with Figs. 7 and 9. 
FIO.  9.  Two  thrombocyte  s  of  peripheral  blood.  Mitochondria  are  more 
conspicuous than in the usual  thrombocyte.  A neutral  red vacuole  has  begun 
to develop.  Stained with neutral red and Janus green. 
FIo. 10.  Intermediate lymphocyte of peripheral  blood.  Slightly larger  than a 
small  lymphocyte.  Stained  with  neutral  red  and  Janus  green.  Two  small 
neutral red bodies are present. 
FIo. ll.  Typical erythrocyte of peripheral blood. 
FIG. 12.  Erythroblast from the bone  marrow.  Note the smaller  amount of 
hemoglobin than in the mature erythrocyte. 
FIG. 13. An undifferentiated cell of the bone marrow.  This cell has an eccentric 
nucleus.  Many of them have nuclei in the center of the cell.  Neutral red and 
Janus green  stain. 
FIG. 14.  A myelocyte "B" of the bone marrow.  Specific  granules are refractive 
and round.  Stained  with  neutral  red.  Mitochondria are often abundant,  but 
are not shown in this drawing. 
Fro. 15.  Myelocyte "B" of a somewhat earlier stage than that shown in Fig.  14. 
Specific granules  vary considerably  in  size and  take  a  somewhat  deeper  color 
than in the later myelocytes.  Stained  with neutral red. 
FIo.  16.  Myelocyte "C" of bone  marrow.  Some of the specific granules  are 
beginning to assume  the color and shape of those of the fully mature polymor- 
phonuclear eosinophile shown in Fig. 1.  Neutral red stain. 
FiG. 17.  Osteoclast  of the  bone marrow.  Nuclei  are  round  and  almost ob- 
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